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tion.

126 Claims, 6 Drawing Figures

VA AND & ane B And £

o

I

J6)

| | =8 1 _ | |
& 2L 5 min T | o

| E_';" = T &5 | W. 37 /)
Vi O LATCH| [aTeH VA Ok :E
%1 (@ Y A i A 5
| —-——-———-—;‘6? ATODE "
| {147 o333 49 [ roca #e | A
an 77. Fooo My &3
1 hl | 1 prooE 4
& 604 #xs ov 59
NS 2008 A >
33. 33 7 T DERIVED _l ?—-O/ *-@— ?ﬁ
CLOCK | 004 Hr o5C 78 - 1000 Ry 29
fy ‘Blﬁl W
= 5 M ASC 25.
A= q
LONTEOL

LAF BEC

. 4,568,302



-

| USPalnt mmasms  Sweiors 4568802

TELCO
o R INTERFACE ,

| “aovesss ‘— — aopress

| #z jEST

[ ippEEss w7 | | Ampecss wa|

R )



wi 7y B

: Vseyooy o700 -~ | | -
_ ~—tawzZ|lis | /1 |
1 TIT : _ | .
TOMUNCD  Ad

oLV CGN Y
SSIYAQYr

xzH | _f_

¢ G

 SWLC

2EV YA

48|

a _ 7T Y mm 379901
_. _ | MN. _h_ _ B D60 _.NX\,WQQ\ | _ V\.QQQ.Q :
(D L7 A RN Wox~ GzArFT R / _- e |
| - ] 2 ooz | ~ 8¢ £e

~ Sheet2 of 5

: _hﬁab\&\u\ Qmu | ____.mmw..

FAo

Patent Feb.4,1986

| | U.S -




 US.Patent Feb.4,198  Sheet3ofs 4,568,802

THOZ2 HE
| 1550 A/z
| C’_&ZO’M_/V_

/633 HE
_'_/255//23'.” -

6974z | 1 | z | 3 7] 2|3 | serHz

G
I
™~

Cgszpe | 7| 8le|c| |7le 9| c| gogu.

- OTmE tarovT - prarF cavour



U S Patent Feb 4 1986 Sheet 4 ofS

- 4568802




S B I S /)
T Vas—[_PA _Vs.s—-l “PA

* - . ! o . ) b ' -
. . ) '
. n . . - . . . .
. ' . . - ' " M b . .
. . . . . . L r [ - . - ) -
- ' ) . . ' : . ) . . . . ’ *
. . : ! ' ) ’ . '
] . . L} - - - b ' - ) ) '
. - . - . - - .
. - - . . . - - . ' .
. . - .
. i ' . ' . :
. . - . - " ) - L} " . - ’ ’ ' ) . .
. ' . . i .
. ' i i -
. ; . L} . . - F
4 . . : . . ) . - . e
. - ! .
. L} - " ' : " ' .
. . .
. r - ' a . .
. .

18 .



YF LINE FAULT ISOLATION AND DIAGNOSTIC

APPARATUS AND METHOD

“This inventlon relates to a carrier. interface tester
(CIT) for use with four-wire voice frequency (VF)

phone lines. More particularly, this invention relates to

"

“apparatus and methods for identifying and dlagnosmg,

the portion of a long distance telephone carrier line that
is the source of noise, where several carriers may have
~ responsibility for different portions of the line.

In my U.S. Pat. Nos. 4,021,625 and 4,061,892 there;-

10

are disclosed instruments and methods for measuring
~ the characteristics of a selected portion of a four-wire

' VF telephone transmission line. Those patents disclose
- a technique for isolating the source of noise in a tele-
‘phone transmission line. The technique . consists of

- launching a monochromattc test tone from a test tone

- generator to some intermediate point along the line.
The received test tone, together with ‘any noise, is re-

15

20

~ structured at the intermediate point by filtering out the

~original test-tone frequency, -amplifying the remaining

 “notched” noise, and adding it to the received signal or |

o adding it to another test tone having the original ampli-
tude and frequency and in phase with the received test

. 25
tone, for transmission back. along the line. The complete

- transmission path could be a loop returning to the test -

~tone generator site (“loop-back testing”) or a path to

4,568,802
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which have to be located near the source of the prob--.'- T
- lem. There was not disclosed any way by which a New .
- York carrier could determine if the problem were ina

short section of the line that was the specific responsibil- '
1ty of a carrier limited to California. - | o

It is an object of this invention to eliminate the depen-- L .f? 5
~dence on loop-around testing for the examination of - -
notched noise, and instead, to provide a separate test to .

and from each maintenance interface of a four-wire

facility in each direction from any VF appearance on "

the route.

- It is a further object of th1s invention to perrnrt a
remote end user experiencing transmission difficulty
with a multiple carrier VF circuit to determine which
carrier is at fault. BT
It 1s a further object of this invention to enable the s
end user to identify the nature of the problem, ie, =
whether it is caused by such noise-creating events as = -
hits, thter or distortion, regardless of the posrtron ofthe -

carrier along the route, mcludmg the carrier whose
facrlrty is the problem source. -
‘It is a further object of this invention to provide a

simple but entirely secure remote control signalling R
‘system within the context of the four-line Dual-Tone_ S

Multt-Frequency (DTMF) system.

It is a further object of this invention to provide a '

remotely controlled system which is VF tone activated

- using tone detecting hardware which is only slrghtly

some other detection point where test equipment is

‘available to analyze the received signal. This procedure

:. - fied noise introduced after s1gnal restructuring; in

-: _equipment reflects prlmanly the noise introduced in the

- upon the instantaneous phase and amPlrtude relation of

- the noise to the test tone can be performed.
~In order to analyze the srgnals received at the test
- eqmpment I disclose in my-U.S. Pat. Nos. 3, 906,173 and

3,927,281 telephone line characteristic measuring instru-
~ ments for measuring and displaying (via oscilloscopes)

30
- results in the detection of amplified “notched” noise a

- from the line portion under test, together with unampli-

. in this
- way, the received signal which is analyzed by the test

35

~line portion under test. Because of the coherence of the -
“ launched tones, diagnostic tests that are dependent.

different from that present in pre-exrstmg VF carrier ~

tone sensitive lines. | - BN
The present invention relates to apparatus called a

- carrier interface tester or CIT. The CIT is a VF tone

’ responswe apparatus designed to be inserted into a four-

wire VF phone line in which two wires are dedicated to

carrying voice signals in either direction (preferrably at | - -
a point where maintenance responsibility for the line -

. changes) and to respond to remotely generated VF

40

| ~impairments introduced during telephone line transmis-

- sion. These instruments are capable of 1dent1fy1ng the
- source of a disturbance (e.g. amplitude modulatton,-

45

phase modulation, phase hits, background noise, etc.)

and allow quantitative measurements to be made in real
time. These or other measuring instruments rnay be

used and the readmg dlvrded by the notched noise am-
plification factor.

~command signals on the line by establishing loop-

around or one way test path arrangements and to exe-
cute either notched noise test modes or noise, gain or

frequency translation test modes. Depending upon the :.'ff _Q L
- mode addressed, these tests may be separately per- =
formed upon the outboard path to the CIT froma test =

location 'or upon the return path from the CIT.
The present invention is particularly useful where

more than one carrier has responsibility for the trans- . - o
~mission along a long telephone line. It enables the user -~ -

 of the line to determine immediately which carrier is

In the aforementloned U.S. Pat. No. 4 061 892 it 1s |

: further disclosed that the srgnal can be coherently re-

structured a second time just prior to analysis by the test -

equipment by attenuating the received disturbance rela-

55

- tive to the test tone by the same factor that 1t was amph-

fied at the intermediate point.

- The prior art equipments are also desrgned for use
‘upon signals arriving from a particular channel direc-
- tion. Thus a single measuring instrument cannot be
- adapted to handle test srgnals from the east and from the
- west. |

The prior art also does not address the problem of
~ isolating a fault to one section of a noisy line in an ex-

tremely long circuit. Thus, for example, a local carrier
in New York, who wishes to isolate the impairment on -
- a cross-country line, is dependent upon tests performed
by carriers in the proximity of the test tone sources

65

responsible for the portion of the hne wluch 18 the ':

source of the interference.

- Where several CIT units are present on a srngle trans-
mission line, they are adapted so that each is remotely
addressable from either direction along the line and the
line remains transparent to the CIT units which are not
addressed. The present invention permits carrier inter- -

face testers to be placed along the transmission line at
- various points and to enable test equipment tobe placed .~
~ at any point along the line. Testing may be accom-

plished from either end of the circuit being tested or

from any VF appearance in the path. The system iso- -
lates the tone based impairments immediately so that
~ further diagnostic examination can continue at the test =
location, with tests, for example those describedin U.S. .
- Pat. Nos. 3,906,173 and 3,927,281, being performed. @~
The CIT is transparent to voice signals during the
time that it is not engaged. VF addressing and com- -
mand signals are interpreted by the CIT to engage vari-
- ous test circuits which select among the various test .~
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modes. These signals consist of specialized VF tones,
which are frequency shifted from those normally recog-
nized by telephone company DTMF detectors. Al-
though non-standard frequencies are used for these
shifted tones, they are chosen so that easily modified
pre-existing hardware that recognizes the normal tele-
phone transmission tones is capable of independently
recognizing the command tones.

Further objects, features and advantages of my inven-
tion will become apparent upon consideration of the
following detailed description in conjunction with the
drawings, in which:

FIG. 1 depicts the method of incorporation of a car-
rier interface tester into a four wire VF phone line;

10

FIG. 2 1s a schematic of a preferred embodiment of 15

the CIT circuit;

F1G. 3 shows an arrangement of CIT’s on a phone
line;

FIG. 4 1s a table of DTMF shifted tones used to carry
the command codes of this invention; and

FIGS. S5A and 5B, with FIG. 5A being placed to the
left of FIG. 5B, are a schematic of element 19 in FIG. 2.

A CIT of the preferred embodiment of the present
invention is interconnected as depicted in FIG. 1 at the
four-wire VF interface between two carrier sections
where maintenance responsibility changes. The facili-
ties are split and reconnected through the CIT. The
channels of the circuit are termed CH1 and CH2 and
-“enter at points 1 and 3 from the two directions as indi-
B cated
~ Returning to FIG. 2 the two channels depicted as
“ CH1 and CH2, carry VF signals in opposite directions.
- Each of the channels is split at the CIT unit into a re-

- ceive (REC) and transmit (TRAN) side with respect to
the unit. This is shown in the figure as follows: CH1-
! REC by numeral 9, CH1-TRAN by numeral 11, CH2-
*'REC by numeral 13 and CH2-TRAN by numeral 15.
* The CIT unit includes an address and mode control
“(A and MC) chip which responds to a four bit (hexadec-
“imal) signal and a data valid signal (DV) output from a
- DTMF-to-HEX converter 17. DTMF is the acronym
for* dual-tone multi-frequency, a generic name for
Touch-Tone signals used by the Bell system. Commer-
cial DTMF-to-HEX devices of the required type are
manufactured by Telephonics, Mitel and others. These
convert a DTMF input to a five-line output comprising
a hexadecimal code (1,2,4,8) and a data valid (DV)
signal which indicates that a valid tone pair is at the
input and that the hexadecimal output is valid.

D TMF-to-HEX converters that are acceptable for
the present application are marketed by Silicon Systems
Incorporated as SSI 202-P. These are CMOS integrated
circuits employing eight bandpass filters to detect the
individual tones and having a digital post-processor to
time the tone durations. The digital outputs for hexa-
decimal digits become valid after a tone pair has been
detected and they are cleared when a valid pause is
timed.

The A and MC chip 19 responds by outputing a valid
address (VA) and three mode control signals A, B and
C in response to the information received from the
DTMF-to-HEX converter 17. The A and MC chip is a
logic element comprising gates and latches. It has two
static inputs 79 and 81, each of which comprises four
switches for representing a first or second hexadecimal
digit address of the particular CIT. The two digits
should not be the same to avoid confusing the A and
MC chip. There are active inputs from the DTMF-to-
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HEX converter 17 corresponding to the hexadecimal
digits O-F and the data valid signal DV. The A and MC
latches 1ts (valid address) VA output if it has detected a
two-digit ordered address sequence corresponding to
the first and second digit settings of the switches 79 and
81. The A, B and C outputs are energized by the A and
MC chip when respective tone codes are received after
a valid address. A received code D is treated as a pre-
emptive code that resets all the internal A and MC
registers. Means are also provided so that at power-up
the A and MC module registers settle in the reset state.

In 1ts quiescent state, shown in FIG. 2, relays 21 and
23 pass the CHI1-REC signal directly to the CHI-
TRAN output and pass the CH2-REC signal to the
CH2-TRAN output. The CIT responds to signals at
CHI1-REC and CH2-REC via isolating transformers 27
and 82, and amplifiers 29 and 33 respectively. This is a
bridging connection to the VF line. (These amplifiers,
as well as amplifiers §7 and 59 and all others, may be
provided with individual gain-controlling potentiome-
ters.) The signals are applied to terminals 31 and 37 of a
free-running switch 35 which is continuously toggled
by clock 38. The switch transmits the signals alternately
through a coupling capacitor 89 to the DTMF-to-HEX
converter 17. In this way, potential control signals from
both Channel 1 and Channel 2 are sampled for process-

mg by the A and MC chip. The period of the clock 38
is at least twice the period of the DTMF to HEX and A
and MC response times. In response to the recognition
by the A and MC chip 19 of a valid address (and a DV
signal from the DTMF to Hex Converter) one and only
one of the latches 39 and 41 is set according to the state
of switch 35. This will determine which of the two
REC channels shall be in control of the CIT until the
CIT is reset.

Specifically, in the situation where one of the two
channels is being used to gain control over the CIT, an
address signal coming, say, over Channel 1 would cause
the DV output of the DTMF-to-HEX converter 17 to
go high. The A and MC chip will generate a VA signal
upon receipt of the second of the two digits from the
DTMF-to-HEX converter constituting a valid address.
The output of gate 43 goes high to set latch 39 when
clock 38 causes switch 35 to assume the position other
than that shown, at which time the output of inverter 40
1s high. Conversely, if Channel 2 carried the address
signals seeking to gain control of the CIT, the only
difference would be that the output of clock 38, rather
than the output of inverter 40, would be high when the
DV and VA outputs go high. Gate 45 would then set
the Channel 2 latch 41 so that Channel 2 would remain
in control of the CIT.

Provision is made so that under no circumstances can
latch 39 and latch 41 both be set at the same time. In the
depicted embodiment, the two latches are cross coupled
through the OR gates 47 and 49 which reset their re-
spective latches 41 and 39 when either one of two con-
ditions occurs: either the A and MC chip no longer
latches its VA output high, or the opposing channel’s
latch is set. Once a latch sets, it forces the reset input of
the other latch to be held high; once a complete address
has been received (2 digits) continued toggling of
switch 35 cannot result in setting of the other latch even
if the other channel tries to secure control over the CIT.
In an alternative embodiment, the free-running switch
may be stopped, or the opposite input channel (37 or 35)
may be opened, once one channel has seized control to
prevent the other channel from transmitting signals that



‘enhancer (NNE) 65, a

85 and capacitor 87 is to shorten the DV pulse applied

‘to gates 43 and 45 so that the pulse does not overlap a
phase of clock 38.

The CIT is addressable from elther dn'ectlon because |

of the Operatlon of the toggle switch mechanism that

- samples 1noom1ng signals from either direction and

latches the circuit when a valid address is received
coincident ww:th the clock pulse assocrated wrth that

 direction.

Relay drive 25 responds to the VA output of the A
and MC chip 19, going high to energize relays 21 and

~ the A and MC going high. In that event the NNEsignal

~ is fed into amplifiers 57 and 59 to become avallable on B

- both transmission channels. SR
‘The mode C signal by itself will not enable any of the o
-paths from sources 65, 67, 69 and disalbes the mode VA .

10

23. The CH1-REC and CH2-REC signals are no longer

connected to their respective transmit channels. In-
stead, the CH1-TRAN and CH2-TRAN channels will

15

receive whatever signals are applied to them by trans-

formers 83 and 84, respectively. The receive channels

~ are now terminated by 600 ohm resistors. (Relays 21

~ and 23 are the only electro mechanical elements, all of
- the switches are solid-state devices.)

~ In response to the settlng of the latch 39 or 41, either
CH1-REC or CH2-REC is transferred to the input of

the mode VA switch 53 via the switch 51 (1f Channel 1
_is in control) or switch 55 (if Channel 2 is in control).
The mode VA switch 53 is open unless, as determined
by AND gate 56 and NOR gate 58, VA is high and
- outputs A, B and C of the A and MC are low. If that
-situation obtains, the CH1-REC signal, which is passed
+* “‘through switch 51 and then through the mode VA
S switch 53, 18 available at both CH1-TRAN and CH2-
-+~ TRAN via the amplifiers 57 and 59 and transmiission
<.~ ]evel ‘adjusters 61 and 63, respectively. To assure this
e wcondition, A, B, and C should not be uséd as the second
< digit of the address of the CIT; otherwise, “mode VA”
- would never be selected since one of the A, B or C
-+ modes would result immediately following transmission
- -of the send. address digit. (Because the two address
~ . digits should be different, digit D cannot be used as an
“““address digit at all, and digits A, B, and C cannot be
-+ . used as the second address digit, there are 156 addresses
< »+-in all.) Thus, when a valid address is recognized, the
“Uiirelays are activated so that the CIT ceases to be trans-
- “parent. Upon VA going thh the CIT is in the loop-

~ back (VA) mode. |

- This is a simple loop-back condition as seen by the

20

4 568 802

~ might attempt to galn control The purpose of resmtor

6.

switch 53 through NOR gate 58 and, hence, providesa

quiet termination for the receive signal. This means that -~ =
‘there is no enhancement generated by the CIT. The -
~ mode A signal, applied to gates 73 and 75 is ANDed
‘with DV and not-DV, respectively. The output of gate
-73 controls switch 80 to supply both the 1004 Hz and _'
‘the 2008 Hz signal to the output amplifiers 57 and 59. = =~

The output of gate 75 provides only the 1004 Hz signal
from the oscillator 67 through switch 77 to the output

amplifiers. Because DV is h1gh only while the tone. pair -
corresponding to digit A is being received, the system =

- operates in one mode while the command is being sent,

- and 1t operates in another mode after the command digit
transmission ceases. (None of the mode digits shouldbe
used as the second address digit, as described above, or - -
else the VA mode will be skipped. Thus, the greater the

- -number of mode command digits, the fewer the total

- number of possible addresses. Using digit A to control._ - o

25

two modes thus saves addresses.)

* Finally, there is a reset mode D whose operation T
resets the A and MC chip. Also, VA low at any time R
resets both of latches 39 and 41, and returns the system

. to 1ts transparent state.

30

In view of the different modes, it is possrble to sepa-:. R
rately test portions of a line in each direction for

notched noise components in mode B, and to check for

. return loss, gain and noise through use of the other P

modes as explained further below.

35

| 45
user who, for example, employs the CH1-REC line for
control purposes. At the same time, the Channel 2 re-

ceive signal is blocked. Observation of the Channel 1

transmit line 11 and Channel 2 transmit line 15 would
both show transmission from the Channel 1 receive line
9, as influenced by the test level amplifiers (attenuators)
61 and 63.

This. “equal level”. loop-baok mode enables establish-

mg a base line gain and noise level for the loop-around
~.unit so that the receive level at CH1-REC can be de-
‘duced in subsequent modes A. Loop-around noise is
‘measured by ternnnatmg the transmit side at the test -
~ center and measuring the receive noise level. Loop-
- around gain can be measured by sendmg 1000 Hz from
the test center and measuring the receive level, also at

the test center.

50

35

The other gates of the CIT enable the selecnon of the |

j other modes.

The CIT has. three srgnal sources; a notohed noise
1004 Hz oscillator 67, and a 2003-'

Hz oscillator 69 derived from oscillator 67. |
The notched noise enhancement is effective only

65

when switch 71 is Iclosed in response to the B output of _

In use, a CIT may be located at each telephone com- .
‘pany interface and at each customer termination. FIG. .
3 shows a setup in which several CITs are placed along =
a four-line VF system. The test equipment containing .~
“fest-tone generators is. shown between CITs #2 and =~
CIT #3, and is capable of testing either to theleftorto
‘the right in the line, in sections up to or separately be- =
~yond each of the CITs that are depicted. The test equip- .
‘ment could also be located at the position of one of the
data sets in which case it can test either direction of the =
transmission line up to whichever one of the CITs it =~ = -
addresses through its tone addressing mechanism. Thus,

the facility can be split at any point and examined in
either direction as shown in FIG. 3. In the event of
transmission trouble, usmg this hardware the user can

identify both the carrier at fault and the nature of the 'f B

problem with a single maintenance request.
The outbound path to the CIT from the test location

- and the return path to the test location from the CIT =
‘can be separately examined. The invention eliminates . -,
:dependenoe on loop-around testing by providing sepa-
rate testing in each direction. Monitoring can be estab-
hished from either end or from any intermediate position =~ .
‘examining in either direction. Monitoring can also =~
~occur from any VF appearance along the path sincethe
signals which activate the CIT are merely VF transrms- SEENEARR
sions. |

In operatlon the four-wire VF interface between two

carrier sections is split and reconnected. through the :- 5:2 .:. e
CIT. The receive side inputs CHI-REC and CH2-REC
are bridged onto the line. The transmit side outputs are

normally through-connected to the corresponding in-

puts by the contacts of relays 21 and 23. Both inputsand .
outputs of the CIT are transformer isolated. |
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In operation the following sequence of signals is
transmitted to the CIT. First, D is sent. This is the reset
code for all A and MC modules, so that no matter what
the state of any CIT in the path, it is restored to normal
through-connected operation.

Then the first digit of the address is sent (for example,
“1”). The A and MC internal first digit latch (for any
unit whose first address digit is *“1”) registers this occur-
rence and readies to accept the second digit. This is an
internal latch and provides no output.

Next, the second digit of the address (for example,
“9”) 1s sent. That A and MC whose address is sent has
its VA output latch go high. The first digit latch for all
other A and MC units which had been set by “1” as a
first digit are reset by the second digit “error”. If any
unit has 9 for a first digit it will be enabled and waiting
for 1ts second digit until 2a mode command (A, B or C)
1s sent.

Next A, or B, or C is sent. That A and MC which is
in the VA mode has its A, B or C output latched. VA
continues to be high. It is possible to switch between the
A, B and C modes by sending any of these three codes.
A new mode command code resets the previous code
latch and sets the new latch.

Any DTMF code other than the second address
code, A, B, or C causes the A and MC to be reset. At
any time, D resets all A and MC units.

- While the A key is held down at the test center, the
-+ DV output of the DTMF-to-HEX converter is high.

. This closes the mode A and DV switch 80. The second
*harmonic which is generated from the 1004-Hz oscilla-

" tor is added to the 1004-Hz oscillator. The harmonically
“ rich tone is the probing signal to determine if any fre-

" quency translation is present between the CIT and the
test center. The technique is described in U.S. Pat. No.

3,927,281, The second harmonic is scaled to be large

v enough so that it is clearly distinguishable from other
“ components of the notched noise. When the A key is

~-released, only the 1004-Hz tone is sent. This mode is
~=-also the vector display notched noise test mode for

" determining the impairments in the return path, for
~example, by the methods disclosed in U.S. Pat. No.
3,906,173.

In mode B, the Channel 1 receive signal is connected
to the Channel 2 transmit via the NNE (assuming that
the test site is to the left of FIG. 2). A nominally 1000-
Hz signal may be transmitted from the test center in
accordance with U.S. Pat. Nos. 4,021,625 and 4,061,892.
The return path from the CIT to the test center is effec-

10
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20
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35

40
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tively transparent and permits all components of 50

notched noise in the outbound path (from the test center
to the CIT) to be monitored at the test center in real
time.

In mode C, all mode switches are open so there is no
signal into the output attenuators 61 and 63. The CIT
thus provides a quiet termination on the transmit chan-
nels. Relays 23 and 21 have already provided quiet
terminations on the receive channels. In this mode, the
noise in the return path (transmit Channel 2 to test cen-
ter if the test center is to the left of FIG. 2) can be
measured at the test center. Return loss measurements
on that part of the four-wire circuit between the test
center and CIT can also be measured. This is accom-
plished by sending a frequency weighted white-noise
signal toward the CIT from the test center and measur-
ing the signal returned. It can also be measured by using

a swept frequency source and correlated detector to
measure return loss versus frequency.

35

60

65
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The offset DTMF codes are tabulated in FIG. 4 and
are spaced in frequency by approximately 4.9% from
the standard frequencies. The permissible detection
range for a DTMF receiver is that it must detect within
1.5% and must not detect greater than 3.5%. Thus, if a
crystal reference transmitter is constructed to send
tones which are accurately 4.9% below standard fre-
quencies and a similarly accurate crystal reference
DTMF receiver is constructed so that its detection
center value 1s the same, then this receiver will ignore
standard DTMF tones. Furthermore, the standard
DTMEF receivers distributed along the line will ignore
the CIT signalling tones. This is true even in the case of
maximum permissable frequency translation, which, in
the Bell system, is less than 8% of the lowest DTMF
frequency. The offset DTMF has the same reliability as
standard DTMF and will not respond to standard
DTMF tones which may be on line either accidentally
or purposefully, nor will the offset DTMF interfere
with standard DTMF equipment which for any reason
may be monitoring the facility. |

The logic circuitry for the A and MC chip is shown
in FIGS. 5A and 5B. The reference numerals referred to
in the following discussion refer to FIGS. 5A and 5B
and not the reference numerals of FIGS. 1-4. The ad-
dress and mode contro] chip is a 24-pin MOS circuit,
which 1s equivalent to the RCA 4000 B series CMOS
with regard to electrical properties.

The first digit of the address is set up on pins 20, 4, 17,
and 14 with a HEX code. Each of these pins is
grounded for a logic zero and left open for a logic one.

There are internal pull-up devices in the chip so that no
resistors are required. The input BCD code is con-

nected to pins 21, 19, 13, and 12. Exclusive OR gates 4,
S, 6, and 7 have low outputs if their two inputs are the
same. If all four gates have their input codes matching,
gate 14 goes high. A data valid logic signal on pins 9 and
10 will cause NOR gate 3 to go high. The two inputs to
NOR gate 26 will be low and latch 42, 43 will be set.
The output of gate 43 is now high and latch 44, 45 may
be set upon receipt of the second digit.

The second digit code is set on pins 23, 1, 16, and 13
in a manner similar to setting the first digit. A data valid
signal, and the second digit after the first digit is set, sets
latch 44, 45. Any code after the first digit except the
second digit resets latch 42, 43. It is important not to
program the same number for the first and second dig-
its. If this is done and then the digit appears as an input,
the response wil not be useful as latch 44, 45 wil open as
soon as the tones representing the digit are removed.

After receipt of the second digit, pin 8 will be high
indicting reception of a valid address. Latch 46, 47 is set
with Touch Tone code “B” and pin 7 will go high.
Latch 48, 49 1s set with Touch Tone code “A” and pin
6 will go high. Latch 50, 51 is set by Touch Tone code
“C” and pin 5 will go high. A, B, or C are mutually
exclusive. After selecting A, B, or C the unit may be
switched back and forth among these three. NAND
gates 19, 20, and 21 detect the presence of B, A, or C
respectively. Gate 25 permits acceptance of A, B, or C
without causing a disconnect. Pin 18 (not necessary)
permits an external control. External logic is required to
decode any additional commands and to latch them if
desired. Pin 2 may be used to permit leaving the unit in
mode “C” after disconnecting or resetting latch 44, 45.
Disconnect or reset is accomplished with any code
other than the second digit or A, B, or C, or any other



- establishing through-connecuons in both directions;

= restoratlon of said through connections.

' therewith.

code estabhshed by usmg prn 18 D is usually reserved -
for disconnect. :

At power-up rt is deslrable that all latches be reset e
Pm 3'is a master reset which may be connected via an
- RC circuit to prov1de a low normally, but a lugh dunng' 3
power-up | .

The partrcular crrcult used for the A and MC is not_f o

1mportant and other circuits may be designed. It is the
- sequencing and control functions which are 1mportant N
‘and there are a variety of ways to ach1eve them as wrll.__ 10
“be apparent to-those skilled in the art. | -
~ Although the invention has been descnbed w1th ref- -
“erence to a particular embodiment, it is to be under-
- stood that this embodiment is merely illustrative of the
“application of the prlnclples of the invention. Numerous
. modifications may be made therein and other arrange-
‘ments may be devised without departmg from the Spmt-. S
~and scope of the mventlon |
I claim: o | |
1A transrmssron line test system compnsmg a ﬁrst-‘_.-
dlrectron input and output, and a second-duectlon input

‘and output; means operative in a- qulescent state for

‘means for assigning an address to the system; means for
recogmzmg signals representing ‘the assigned address

- appearing at either one of said direction inputs for

breakmg said through-connectlons and for enabling
subsequent responses to commands which appear at said
-~ one direction input; and means responswe to commands |
whlch appear at said one direction input | for controlling
‘an application - of resPectwe s1gna1s to the other one of
~said direction outputs | |

2.A system in accordance 'w1th cla1m 1 wherem sard

recogmzmg means causes the system to remain trans-. 35

parent in both dlrectlons in a transmission line in which
"it is inserted responswe to addresses. other than the |
asmgned address appearing at either d1rectton input.

3 A system in accordance with claim 2, wherem safd

recogmzmg means mcludes means for recognizing in- -40-

vahd commands and in response thereto for controllmg

4. A system in accordance with claim. 1 wherem sard
. controlling means causes the same respective s1gna1s
also to be applled to said one direction output.

8. A system in accordance w1th claim 1, wherem said
- recognizing means includes means for examining alter-
nately the two inputs in order to determine the direction

~ from which the recognized address was sent.

6. A system in accordance with claim 1, wherein sa1d 50
address signals and said commands both have a form of
dual tones which are offset from dual tones used in
~normal telephomc srgnallmg SO as to avoid 1nterference |

45

7. A system in accordance with clann 1 wherem sa1d-
controlling means when applying respective s1gnals to
- said other one of said direction outputs operates in sev-
“eral respective modes, with at least two of said modes
- being controlled by a single command, one while the
‘command appears at said one dlrectlon Input and the
other after the command has ceased to appear

8. A transmission line test system comprising a ﬁrst-_”' L
- direction input and output, and a second-direction input -
- and output; means normally operating to establish =~
65
sive to predetermined commands which appear at either -

- through-connectlons in both directions; means respon-

~ direction input for controlling operations in reSpecnve
modes; and means operative when the test system is
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controlled to operate in said respective modes for dlS- -
~ abling said normally operating means. e
9. A transmission line test system comprising a ﬁrst-_ RERSEER
~ direction input and output, and a second-direction input - .
and :output; means normally operating to establish =
. jthrough-connectlons in both directions; means for rec-
ognizing a predetermined signal appearing at one of said =~ .. -
- direction inputs for disabling said normally operating . .~
‘means and for enabling subsequent responses to com- .

mands which appear at sald one direction input; and .

- means responsive to predetermined commands which = =
appear at said one direction input for controlling opera- -~
o trons in respectlve modes. - AR
10. A system in accordance with claim 9, wherem e el
said recognizing means causes the system to remain . -
transparent in both directions in a transmission line in =~ .
- which it is inserted responsive to addresses other than .
an assigned address appearing at either direction input. - AR
11. A system in accordance with claim 9, wherein -
said recognizing means includes means for recognizing = =
invalid commands and in response thereto for control- S
- ling restoration of said through-connections. - T
~ 12. A system in accordance with claim 9, wherem]_ R
- said controlling means causes respective signals to be |
25 applied to the other one of said direction output. =~
- 13. A system in accordance with claim 12, wherein ==
~said controlling means causes said respective signals
- also to be applied to said one direction output.- ' |

14 A system 1in ‘accordance with claim 9, wherem:'

_sald recognizing means includes means for examining =~
 alternately a two inputs in order to determine the direc-
',.tlon from which the recognized address was sent. .
5. A system in accordance with claim 9, wherein
- said address signals and said commands both have a =~ =
form of dual tones which are offset from dual tonesused =~~~
~ in-normal telephomc signalling SO as to avmd mterfer-.;_, PR

- l; ence therewith. . . | - SRR
. 16.° A system in accordance with clalm 9, whereln e
sald controlling means when applying respectwe srgnals R
‘to-the other one of said direction outputs operates in - .
-,several respective modes, with at least two of said - T '.
- modes being controlled by said commands, a first of o
" said modes while a2 command appears at said same di- . o
‘rection input and the other of said modes after the com-'. R

mand has ceased to appear.

~17.. A bidirectionally addressable VF remote con-
~ trolled interface unit for a four-line telephone communi-
- cation system having a pair of channels, each channel =
. having an input and transmit line connected to the mter- e

face unit; said unit comprising

(2) a plurality of signal source means connectable to. :

" the transmit line of each channel.

- (b) gate means adapted to selectively connect sald | ST
signal sources to the two transmit lines in rcSponse' SR

“to commands issued to said gate means,

~ (c) mode control means adapted to output comrmnds . 3 .
to said gate means in response to mode 51gnals L

- received on either input line, -

(d) means to enable only one of said mput hnes to e
-~ control mode selection and to disable the other -
~input line from issuing mode signals to said mode

control means, wherein said enabling means is .

adapted to maintain in control of mode selection a .

interface unit until a release signal is issued.

_group cons1st1ng of,

first input channel that transmits the address of the

18 The unit of claim 17, wherein said signal source R
‘means comprises one Or more means selected froma - .
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(a) tone Jaunch means

(b) tone launch plus harmonic launch means

(c) notched noise enhancement means

(d) quiet termination means

(e) equal level loopback circuit means

19. The unit of claim 17, wherein said enabling means
alternately enables each input line to issue addressing
data to an address recognition means until a valid ad-
dress 1s received.

20. The unit of claim 19, wherein said enabling means
comprises a free-running oscillator driven switch to
alternately enable each channel.

21. The unit of claim 20, wherein said oscillator
driven switch is adapted to cease running after a valid
address 1s transmitted to the unit.

22. The umt of claim 20, wherein said enabling means
comprises means for preventing an input channel other
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than said first input channel from resetting said enabling
means.

23. A VF tone responsive apparatus for a VF phone
line over which phone line standard DTMF tones are
transmitted, said apparatus including means for recog-
nizing specialized DTMF tones which are offset in
frequency from corresponding tones on the standard
D'TMEF tone set by at least 3.5 percent.

24. The VF tone responsive apparatus as claim 23,
wherein said specialized VF tones are spaced in fre-
quency by approximately 4.9 percent from said stan-
dardized frequencies.

25. The VF tone responsive apparatus as claim 23
having a crystal reference transmitter, said crystal refer-
ence transmitter adapted to send tones accurately by a
fixed frequency below or above the standard frequency.

26. The VF tone responsive apparatus of claim 25
wherein said fixed frequency is about 4.9 percent below

or above said standard frequency.
* %X % % %
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